Recent correspondence in the British Medical Journall-4 has discussed the need for oxygen-failure devices and the philosophy of their design, so we shall not repeat this discussion here. Briefly, however, we think that very occasional oxygen failures are inevitable, during both anaesthesia and artificial ventilation with oxygen. Because the danger is so remote any safety device that is to gain the wide acceptance that is essential if it is to be of any value must be both cheap and reliable. Oxygen failures occur usually in small under-staffed hospitals, which usually cannot spend large sums of money guarding against a remote contingency. At the same time a device which operates only very occasionally must be absolutely reliable if it is to be ready to operate at any time, without needing maintenance or skilled attention. Both these requirements call for the simplest possible design, incorporating only essential features.
The Device Our device is similar in principle to that of Rosen and Hillard6 in that its main object is to open the patient to air when the oxygen fails, but we have simplified it and made it adaptable to virtually any anaesthetic machine. Its construction is shown diagrammatically in fig. 1 , and the photograph ( fig. 2) shows it fitted to a bag mount and connected to a mask. The device ( fig. 1 ) is a hard rubber tube with standard female and male conical inlet and outlet fittings and with a side arm (1) containing a hollow cylindrical plunger (2) with a spherical end. In the oxygen-On position this is withdrawn from the bore of the tube and closes the opening into the side arm. A spring (3) inside the plunger is held in compression by the rod (4) of a piston (5) in a cylinder (6) secured to the outside of the tube opposite the side arm. In the oxygen-Off position the spring pushes the plunger down so that it closes the bore of the tube. A port (7) in the plunger is then uncovered and connects the outlet of the device, via the bore of the plunger and through a whistle (8), to atmosphere. On the other side of the plunger a groove (9) connects the inlet to a vent hole (10) which leads via another whistle (11) to the atmosphere.
The cylinder nozzle (12) is connected by a flexible tube (13) to the oxygen supply by a detachable coupling, made out of a standard bicycle-tyre valve, which enables it to be disconnected without cutting off the supply. Mode of operation The device is fitted to the anaesthetic machine or ventilator on the inspiratory side between the patient and the reservoir bag, if one is in use. In the operating oxygen-On position the end of the plunger offers negligible resistance to flow, and the side arm is closed. When oxygen pressure fails and the plunger closes the bore, the patient can breathe through the side arm, and the whistle (8) gives warning that he is doing so. Any flow of nitrous oxide gas or air will vent through the second whistle (11) and so also give warning that the oxygen has failed, even if the patient cannot operate the whistle (8). The device can be adapted to operate on oxygen pressures varying from 5-100 lb/in2 (0-35-7 0 kg/cm2) by changing the cylinder and piston, and it can be easily uncoupled and removed from the apparatus. We would add five more requirements. The device must be cheap, simple, easy to fit, rather conspicuous when fitted, and adaptable to any gas and oxygen apparatus. Our device fulfills all these requirements, and all of Rosen and Hillard's except 2 (c) and 4. We omitted 4 because it was troublesome, especially with piped oxygen and not, in our view, worth the trouble. Provided the device prevents asphyxia if oxygen failure occurs warning of impending failure is not important, and experience shows that it is often disregarded or the warning device put out of action.'
Discussion
There are two requirements in 2 (c): that the oxygen percentage shall not fall below that in the atmosphere and that carbon dioxide shall not accumulate.
The oxygen requirement is very difficult to satisfy, and is not in fact fully satisfied by Rosen and Hillard's own device. With a minimum oxygen concentration of 30%, the device must operate sharply at not less than two-thirds operating pressure if a period of exposure to less than 20% oxygen is to be avoided. This period may be quite long if a large oxygen cylinder is being used. Rosen and Hillard's device though it gives warning earlier does not open the patient to air until the oxygen pressure has fallen to one-third operating pressure, giving an oxygen concentration of 10% as the oxygen flow is nearly linearly related to pressure. We have therefore adopted their policy, though not their recommendation, and have designed our device to close at not less than one-third operating pressure. We think that 10% oxygen is tolerable for the few minutes' exposure that could occur with a large oxygen cylinder and very much better than no oxygen at all.
The carbon dioxide accumulation seems to us unimportant as the shut-off time is likely to be very short. In any case if a blow-off valve nearest to the patient is used the resistance of the whistle, though not enough to impede respiration seriously, will cause expiration to take place mainly through the blow-off valve and inspiration to take place through the whistle so that less rebreathing will occur.
PERFORMANCE
The device was fitted to an anaesthetic machine and used with both spontaneous and artificial ventilation. It functioned satisfactorily under test conditions, and the whistles were so loud as to be impossible to ignore. It cannot, of course, be tested under realistic conditions because this requires several years of use fitted to 2 machine, and then a genuine accidental unperceived failure of oxygen. Nevertheless, every time the oxygen cylinder is turned off and on the device is activated so that it is not likely to become stuck. When used with piped oxygen it may be left open for long periods, and an occasional routine check would be advisable.
The device is fairly conspicuous ( fig. 2 ) so that there can be no doubt whether it is fitted or not. It can also be easily removed and replaced if found to be defective without needing interference with the anaesthetic machine. We cannot estimate its reliability because it is not in commerical production and its performance will depend critically on its final design and method of manufacture. The same applies to its cost, but it is difficult to see how anything cheaper could be designed for the purpose.
A patent application (no. 3596/74) has been filed and the rights assigned to the National Research Development Corporation, who are willing to license any reputable manufacturer to make the device.
